Objectives: Factors associated with performing urgent coronary angiography (UCA) in patients with out-of-hospital cardiac arrest (OHCA) were identified.
resuscitated cardiac arrest patients [4] [5] [6] . Current practice guidelines recommend urgent coronary angiography (UCA) for post-arrest patients with ST elevations on the post-arrest electrocardiogram (ECG);
UCA is also reasonable in select patients after OHCA of suspected cardiac origin without ST elevations [7] . Despite this, many patients surviving cardiac arrest do not undergo coronary angiography, with reported angiography rates ranging from 27% to 70% [4, [8] [9] [10] [11] . When coronary angiography is routinely performed in all patients without an obvious non-cardiac cause of arrest, acute coronary lesions are present in a large proportion with the majority receiving percutaneous coronary intervention (PCI) [4] . Potential reasons for variation in angiography rates in OHCA include perceived futility, patient or family preference, high acuity of comorbid or presenting illnesses, and operator risk aversion in the era of public reporting of outcomes after PCI [12] . Understanding factors associated with UCA in OHCA within a state which utilizes public reporting of PCI outcomes may assist in understanding variation and may improve decision making among emergency medicine physicians, intensivists, and cardiologists. As such, we performed a retrospective analysis of OHCA patients surviving to hospital admission at a single academic medical center to identify factors associated with receipt of UCA.
| M A TE RI A L S A ND M E TH ODS

| Study design
We performed a retrospective analysis identifying consecutive cardiac arrest patients who achieved return of spontaneous circulation (ROSC) and were admitted to Beth Israel Deaconess Medical Center (BIDMC), a large tertiary academic hospital in Boston, Massachusetts from 
| Study variables and outcomes
Comorbid variables, including history of coronary artery disease, prior cerebrovascular accident (CVA), and presence of dementia, were obtained from review of hospital documentation. Patient and arrest characteristics included presence of an initial shockable rhythm, presentation with ST-elevation on ECG, obvious non-cardiac cause for the arrest, ability to follow commands after ROSC, hypotension, contraindication to anticoagulation, presence of a do-not-resuscitate (DNR) order prior to admission, presentation from a nursing home or rehabilitation center, and presentation during daytime hours. Laboratory and ECG data were reviewed to adjudicate arrest characteristics. Initial shockable rhythm was defined as chart or ECG evidence of ventricular fibrillation, pulseless ventricular tachycardia, or shock advised by an automated external defibrillator during the initial arrest. If an obvious non-cardiac cause of arrest was readily identified or presumed by initial providers, this was noted, such as antecedent respiratory failure, trauma, or drug overdose. Hypotension was defined as systolic blood pressure of less than 90 mm Hg on presentation, or vasopressor administered either in the emergency department or within six hours of the first phlebotomy. Contraindications to anticoagulation were defined as intracranial bleeding on cerebral imaging, clinical evidence of severe active bleeding, platelets less than 50,000 per mL, or hemoglobin less than 7 mg/dL. Daytime hours were defined as Monday to Friday from 8:00 AM to 5:00 PM, determined by time of first phlebotomy. [13] . In-hospital mortality was adjudicated and stratified by etiology into cardiac cause, neurologic cause, withdrawal of care due to cardiac cause, withdrawal of care due to neurologic cause, or other.
| Statistical analysis
Patients undergoing UCA were compared with patients who did not undergo UCA using the Student t-test for age and Chi-square tests or Fisher exact tests for categorical variables. Univariable odds ratios (OR) of UCA were determined for all collected variables using logistic regression. Subsequent multivariable analysis was performed using logistic regression to determine likelihood of UCA, using stepwise forward selection, forcing age and gender into the model, with a criterion for entry of P < 0.05 and to remain of P < 0.05. Pre-specified secondary analyses were performed comparing unadjusted rates of myocardial infarction, in-hospital mortality, and cardiac death between those undergoing UCA versus those who did not using Chi-Square tests in those with and without an obvious non-cardiac etiology for arrest. A sensitivity analysis was performed excluding those individuals with prior do-not-resuscitate (DNR) orders. Analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC) using a threshold for significance of alpha <0.05.
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| R E SU LTS
A total of 323 patients were included in the analysis (mean age, 64 years 6 17.7; 35% female) ( Figure 1 ). Of these, 66 (20%) underwent UCA (Table 1 ). An additional 41 patients (13%) underwent coronary angiography during their hospitalization after the initial 6 hr. Individuals receiving UCA were more frequently male, had a prior history of CAD, were more likely to present from a nursing home or rehabilitation facility, have an initial shockable rhythm, present with ST-elevation on ECG, be able to follow commands post-ROSC, and were less likely to have a non-cardiac etiology presumed for the cardiac arrest ( Table 2) did not undergo revascularization, 13 (50%) had a coronary stenosis 50%, 6 (23%) had a stenosis >60% deemed to be a non-culprit lesion, and 6 (23.1%) had chronic total occlusions. One patient was found to have severe 3-vessel CAD and was referred for CABG but had care transitioned to comfort measures due to anoxic brain injury.
Culprit vessels were identified by the usual practice of our interventional cardiologists which involved review of the coronary angiography and identifying the presence of thrombus, ulcerated lesions, etc. It was not standard practice in our cardiac catheterization laboratory at the time of this analysis to perform non-infarct related artery PCI.
Recent trials suggesting benefit for PCI of non-infarct related arteries in STEMI patients such as PRAMI [14] and DANAMI-3-PRIMULTI [15] excluded shock patients. The strategy of multivessel PCI in shock patients remains debated. Among our cohort of patients who underwent UCA, 4 received multi-vessel PCI and 3 of them presented with shock.
Overall, 174 patients with resuscitated OHCA (54%) died during the hospitalization. The majority of deaths were attributed to neurologic causes or withdrawal of care due to neurologic injury (Figure 3) . Crude rates of in-hospital mortality were lower among those who underwent UCA (33% vs. 60%, P 5 0.0001). Rates of cardiac death were similar among those receiving UCA vs. those who did not (9% vs. 14%, P 5 0.55). Among all patients, obvious non-cardiac etiologies for arrest were present in 138 (41%), most frequently due to respiratory failure, overdose, hemorrhage, metabolic derangements, or sepsis ( Figure 4 ).
Patients with an obvious non-cardiac cause of arrest were less likely to suffer myocardial infarction during their hospitalization (55% vs. 82%, P < 0.0001) but had a higher unadjusted in-hospital mortality (67% vs. 45%, P < 0.0001). Among those with non-cardiac etiologies of arrest, rates of cardiac death were similar regardless of receiving UCA or not (16% vs. 10%, P 5 0.20). Those with an obvious non-cardiac cause of arrest were much less likely to proceed to UCA (1% vs. 35%, P < 0.0001).
After multivariable adjustment ( Post-analysis reclassification of ST-elevation to include 2 mm elevations for leads V2 and V3 identified only one patient who no longer met the original criteria.
There were two patients with an obvious non-coronary cause of arrest who proceeded with UCA. One had ventricular fibrillation felt to be related to hypotension in setting of prior scar but ischemia was 
| D I SCUSSION
OHCA is associated with substantial in-hospital mortality. Given the procedural and therapeutic risks of UCA as well as uncertainty regarding benefit in some of these patients, identifying predictors of the decision to UCA may inform clinical decision making and policy in this critically ill population. This analysis adds to our current knowledge by investigating the effect of specific clinical and nonclinical factors associated with the decision to proceed to urgent coronary angiography after OHCA.
Our study identified three main characteristics significantly associated with the decision to proceed with coronary angiography within six hours of presentation after OHCA: presentation with ST-elevation on ECG, an initial shockable rhythm, and a history of coronary artery disease. Initial shockable rhythm and history of CAD are suggestive of a higher pre-test probability of having an underlying acute coronary syndrome leading to cardiac arrest [16] , and predicted a higher rate of UCA in our study. Prior studies have suggested that male gender, transfer from an outside hospital, presentation with ST-elevation, and new left bundle branch block were associated with UCA whereas presence of an initial non-shockable rhythm (pulseless electrical activity or asystole) and low GCS scores were inversely associated with UCA [10] .
In our study, we examined additional nonclinical factors which have been shown to affect clinical care such as language [17] and nondaytime hours [18] . We did not find any association for patients presenting from nursing homes or rehabilitation facilities, having a nonEnglish primary language, or presenting during daytime hours versus non-daytime hours on odds of receiving UCA.
Guideline recommendations suggest UCA in the setting of STelevation on the post-arrest ECG. Despite these recommendations, only 71% of patients with STEMI in this cohort underwent UCA, similar to an analysis of UCA among cardiac arrest survivors with STEMI [19] .
We found numerous conditions suggestive of futility or that a new thrombotic occlusion of a coronary vessel was not the etiology of OHCA among patients with ST-elevation who did not undergo UCA.
As such, appropriate use of UCA may not be 100% in this population.
There is increasing debate about whether patients presenting without STEMI should undergo UCA after cardiac arrest. In one study, the majority of patients without ST-elevation did not have a culprit vessel identified (66%), though UCA was associated with improved survival [6] . It is feasible that perhaps those who received coronary angiography were also more likely to receive other cardiac arrest interventions such as targeted temperature management, aggressive resuscitation, treatment of shock and sepsis, that improves the survival independently of coronary angiography. We identified an obvious noncardiac cause for arrest in over 40% of cases. An obvious non-cardiac cause for arrest was negatively correlated with performance of UCA in the multivariable model. Of those who underwent UCA, most had significant coronary stenosis on angiography (82%) and a majority (74%)
were revascularized. Most of the myocardial infarctions documented in those not taken to UCA were attributed to demand-supply mismatch (i.e., Type 2 Myocardial Infarction). Those not taken for UCA had higher in-hospital mortality, which may suggest a benefit from UCA or confounding by severity of illness. Together, these findings suggest that physicians can identify a group of patients with high pre-test probability of CAD and that this type of evaluation is critically important in the group of patients with non-cardiac causes for arrest.
Though the presence of CAD is common on coronary angiography after OHCA regardless of the suspected etiology for arrest and PCI in this context has been associated with improved outcomes, whether or not the presence of CAD and revascularization is a causal correlate with survival or not is difficult to determine. In an analysis of the PRO-CAT (Parisian Region Out of hospital Cardiac ArresT) registry, 70% of patients with non-cardiac causes of arrest had at least one significant coronary artery lesion identified [4] . In the same study, successful coronary angioplasty was an independent predictor of survival. In a similar study, only 27% of patients with adjudicated cardiac etiologies for arrest had normal angiograms, 14% had non-significant coronary stenosis, and 59% had one or more significant stenosis [8] . In another study of post-cardiac arrest patients, an occluded culprit vessel was found in 74.3% of patients with ST-elevation [6] .
There are a myriad of comorbid conditions and contraindications to UCA and revascularization. Given these and the complicating issues of futility, better risk stratification and assessment is necessary to differentiate OCHA patients without ST-elevation on ECG who are likely to benefit from revascularization from those who undergo UCA without any therapeutic intervention. Furthermore, before UCA is recommended as part of standardized post-resuscitation care for OHCA patients, UCA accompanied by revascularization should be shown to improve survival in a condition where neurologic death predominates.
In our study, those undergoing PCI more frequently died of neurologic causes rather than as complications of the PCI, consistent with prior studies [20] . These results have implications for use of mortality as a publicly reportable performance measure after PCI. Among patients with acute myocardial infarction and concomitant cardiac arrest, hospitals in public reporting states such as ours are significantly less likely to perform percutaneous revascularization than those in non-publicly reported states [21] . Patients with acute myocardial infarction in public reporting states also have higher adjusted in-hospital mortality rates, especially those who did not receive PCI. As such, it is plausible that concerns about public reporting of PCI outcomes could affect cardiologists' decisions to perform UCA in post-arrest patients, since these patients have a significantly higher risk of mortality than non-arrest patients with acute coronary syndrome.
The retrospective nature of this study precludes causal inference.
In a retrospective analysis, we cannot address unmeasured confounding. Additionally, given the analysis was done at a single center, the results may not be generalizable to other sites. Moreover, certain covariates were limited by availability in the electronic medical record. For example, primary language is based on the language listed in the medical record and non-English speaking patients who arrive comatose may not have been identified. Other factors such as pre-existing DNR code status prior to admission were not always documented or known to medical providers. Finally, the decision to proceed with UCA is made by an interventional cardiologist whose individual preferences and decision-making may not be readily discernible through chart review. 
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